Background The increase in the quantities of central nervous system (CNS)-acting medications prescribed has coincided with increases in overdose mortality, suiciderelated behaviors, and unintentional deaths in military personnel deployed in support of the wars in Iraq and Afghanistan. Data on the extent and impact of prescribing multiple CNS drugs among Iraq and Afghanistan Veterans (IAVs) are sparse.
Objectives We sought to identify the characteristics of IAVs with CNS polypharmacy and examine the association of CNS polypharmacy with drug overdose and suiciderelated behaviors controlling for known risk factors. Methods This cross-sectional cohort study examined national data of Iraq and Afghanistan Veterans (N = 311,400) who used the Veterans Health Administration (VHA) during the fiscal year 2011. CNS polypharmacy was defined as five or more CNS-acting medications; drug/alcohol overdose and suicide-related behaviors were identified using ICD-9-CM codes. Demographic and clinical characteristics associated with CNS polypharmacy were identified using a multivariable logistic regression model. Results We found that 25,546 (8.4 %) of Iraq and Afghanistan Veterans had CNS polypharmacy. Those with only post-traumatic stress disorder (PTSD) (adjusted odds ratio (AOR) 6.50, 99 % confidence interval (CI) 5.96-7.10), only depression (AOR 6.42, 99 % CI 5.86-7.04), co-morbid PTSD and depression (AOR 12.98, 99 % CI 11.97-14.07), and co-morbid traumatic brain injury (TBI), PTSD, and depression (AOR 15.30, 99 % CI 14.00-16.73) had the highest odds of CNS polypharmacy. After controlling for these co-morbid conditions, CNS polypharmacy was significantly associated with drug/alcohol overdose and suicide-related behavior. Conclusion CNS polypharmacy was most strongly associated with PTSD, depression, and TBI, and independently associated with overdose and suicide-related behavior after controlling for known risk factors. These findings suggest that CNS polypharmacy may be used as an indicator of risk for adverse outcomes. Further research should evaluate whether CNS polypharmacy may be used as a trigger for evaluation of the current care provided to these individuals.
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Introduction
Recent Department of Defense (DoD) reports on medication use among active duty service members (ADSMs) deployed in support of conflicts in Iraq and Afghanistan indicate potentially problematic use of central nervous system (CNS)-acting drugs. Jeffery and colleagues found that nearly a third of all ADSM received one or more prescriptions for opioids, CNS depressants, or stimulants during the fiscal year 2010 [1] . According to the Army Institute of Public Health, 46 % of those who completed suicides, 90 % of those who attempted suicide, and 87 % of those with suicidal ideation received a CNS-acting prescription the year preceding the event [2] .
Reports of unintentional overdose by ADSMs on multiple CNS medication (CNS polypharmacy) led to significant concern that CNS medication and CNS polypharmacy may be related to unintentional overdose which appears to be suicide in ADSMs and Veterans [3, 4] -a phenomenon that is parallel to the high prevalence of unintentional overdose in the broader US population [5] . Since 1999, unintentional injury deaths from poisoning have increased almost 250 %, surpassing motor vehicle accidents as the number one cause of death from unintentional injury in the USA [5] . There is a high prevalence of pain, mental health conditions, and traumatic brain injury (TBI) among ADSMs and Veterans who served in support of the wars in Iraq and Afghanistan [6, 7] . These conditions are frequently co-morbid and are typically treated with CNS medications; however, the CNS drug burden in this population is poorly understood.
Prior studies in the VA population have tended to focus on individual classes of CNS drugs [8, 9] . However, CNS polypharmacy among VA patients is not uncommon. Bernardy and colleagues [10] found that approximately 10 % of all Veterans with PTSD received medications from three or more classes of medications that induce sedation in 2004, a rate that increased to 12 % by 2011. Despite this important work, the total burden of CNS medication usage among Veterans deployed in support of the Iraq/Afghanistan wars has not been systematically described. CNS polypharmacy is associated with an increased risk for drug/ alcohol overdose and suicide-related behaviors (SRBs); however, most studies have been conducted in populations with mental health co-morbidity, which complicates the interpretation of adverse outcomes [3, 11] . Whether CNS polypharmacy is an independent risk factor for overdose or SRB after accounting for mental health co-morbidity is unknown.
This study examined the prevalence of CNS polypharmacy, demographic and clinical characteristics (co-morbid conditions) associated with CNS polypharmacy, and the association between CNS polypharmacy and drug/alcohol overdose and suicide-related behaviors (SRBs) in a national cohort of Iraq and Afghanistan Veterans (IAVs). We hypothesized that pain, mental health conditions, and TBI would be associated with CNS polypharmacy, and that CNS polypharmacy would be independently associated with overdose and SRB after controlling for known risk factors such as mental health co-morbidity.
Methods

Participants
Using the roster of Veterans who served in support of Post 9-11 conflicts (OEF/OIF/OND Roster) [12] we identified a cohort of individuals who received VA care in the fiscal year 2010-2011 (FY10-11; 1 October 2009-30 September 2011) as part of a larger study examining co-morbidity patterns in IAVs between 2001 and 2011. We included only those who received care at least once each year in FY10 and FY11. For those individuals who met inclusion criteria, we obtained all VA inpatient and outpatient administrative data from the national VA data repository in Austin, TX, and pharmacy data from the VA Pharmacy Benefits Management Strategic Health Group for FY10 and FY11. These claims files were merged using an encrypted identifier that is common for each individual in all datasets.
Conceptual Model
We used a traditional health-outcomes model that posits that health care utilization (CNS polypharmacy) is associated with predisposing, enabling, and need factors, and that outcomes such as overdose and suicide-related behavior are a function of baseline characteristics, patient clinical/sociodemographic characteristics, treatment received, and the setting of care [13] . We hypothesized a priori that mental health co-morbidity, pain, and TBI would be associated with CNS polypharmacy and that, after controlling for characteristics associated with overdose and SRB in prior studies (age, sex, race, poverty, mental health co-morbidity, prior overdose, prior SRB [14, 15] ), CNS polypharmacy would be independently associated with overdose and SRB.
Measures
CNS Polypharmacy
After compiling pharmacy data from the PBM database, we counted the number of unique CNS medications dispensed from VA pharmacies during FY11. Online Resource 1 provides the included drug classes and their specific medications. We excluded acetaminophen, aspirin, and choline salicylate/magnesium salicylate as these non-opioid analgesics do not act directly upon the CNS. Prior geriatric studies identified CNS polypharmacy as two or more CNSacting medications [16] . However, given multimorbidity in this population and clinical practice guideline recommendations for common co-morbidities (traumatic brain injury, post-traumatic stress disorder, depression, and pain) [17] [18] [19] [20] , we used a more conservative definition-five or more CNS acting medications-for this young population with complex co-morbidity [14, 21] .
Demographic Characteristics
We obtained age, sex, race/ethnicity, and branch of service using the OEF/OIF/OND roster [12] . We used VA administrative data to supplement missing demographics and to identify individuals with waived copayments based on income level. Age was identified in FY11, and categorized based on the age distribution as 18-30, 31-40, 41-50, 51-64, and 65 years and older. Race/ethnicity was classified as White, Black, Hispanic, other, and unknown as defined in our prior studies using VA data [22] . Co-payment status was identified using the 'means test' variable, which is a financial assessment used to determine if a Veteran qualifies for free healthcare services without copayment based on his/her income level; variable levels include waived, not waived, and unknown.
Clinical Characteristics: Co-morbid Conditions
We identified baseline co-morbidities using ICD-9-CM codes [23] documented through VA inpatient and outpatient encounters during FY10 (Online Resource 2) to identify conditions we hypothesized would be associated with CNS polypharmacy or the adverse outcomes of overdose and SRB. The following conditions previously associated with SRB/overdose and commonly treated with CNS medications are TBI, PTSD, depression, anxiety, substance use disorder (SUD), bipolar disorder, schizophrenia, headache, pain, insomnia, prior SRB, and prior overdose [15] . Due to a statistically significant interaction among TBI, PTSD, and depression with CNS polypharmacy in early analyses, we created a TBI-PTSDdepression status variable to describe the association of each condition or a combination of these conditions with CNS polypharmacy [6] . TBI-PTSD-depression status included the following eight categories: none of these comorbidities; only TBI; only PTSD; only depression; TBI and PTSD; TBI and depression; PTSD and depression; TBI, PTSD and depression [7] .
Adverse Events
We used ICD-9-CM codes from national VA inpatient and outpatient data to identify alcohol/drug overdose and SRBs (suicidal attempts and ideations) in FY11; we used the same ICD-9-CM codes to identify prior overdose and SRBs in FY0 (Online Resource 2).
Statistical Analysis
We identified IAVs with and without CNS polypharmacy and used the Chi-square test and Haberman's adjusted residual to identify variables that were significantly different and cells that were significantly higher or lower than expected by chance [24] . Next, we determined the prevalence of drug/alcohol overdose and SRB. We used multivariable logistic regression analyses to examine the association of demographic and clinical characteristics with CNS polypharmacy. Similar multivariable logistic regression analyses were used to examine the associations of CNS polypharmacy with overdose and SRB in separate analyses, adjusting for demographic and clinical characteristics. We calculated 99 % confidence intervals (CIs) for odds ratios to correct for the high likelihood of finding statistically significant results due to our large sample size and also tested potential explanatory variables for multicollinearity. While variables with overlapping CIs may be significantly different, we used a conservative approach identifying non-overlapping CIs to determine significantly different associations among variables in each model [25] . IBM SPSS Ò version 20.0 was used for all statistical analyses.
Results
Of 303,716 IAVs who met inclusion criteria, 25,546 (8.4 %) were dispensed five or more distinct CNS medications. Table 1 shows demographic and clinical 
Characteristics Associated with Central Nervous System (CNS) Polypharmacy
Logistic regression analyses indicated that individuals diagnosed with headache and other pain conditions were significantly more likely to have CNS polypharmacy than individuals without these diagnosed conditions (Table 1) . Individuals with a diagnosis of TBI, PTSD, and/or depression were significantly more likely to have CNS polypharmacy than IAVs without any of these diagnoses. Those diagnosed with PTSD or depression alone or in combination with TBI were more likely to have CNS polypharmacy than those diagnosed with TBI alone. Individuals diagnosed with both PTSD and depression had a significantly higher likelihood of CNS polypharmacy than those diagnosed with only PTSD or depression and the addition of TBI diagnosis to either PTSD or depression diagnosis did not increase the likelihood of CNS polypharmacy, as there was overlap in the CIs. Finally, those previously diagnosed with overdose event and suicide attempt were also significantly more likely to have CNS polypharmacy than those without a diagnosis.
Characteristics Associated with Overdose and Suicide-Related Behavior
Among the cohort, 515 (0.2 %) were diagnosed with overdose and 4229 (1.4 %) were diagnosed with SRBs in FY11.
After controlling for demographic and clinical characteristics including prior overdose and prior SRB we found that CNS polypharmacy was significantly associated with both overdose and SRB. Individuals with CNS polypharmacy had 3.85 higher odds of overdose (99 % CI 2.95-5.04) than those without CNS polypharmacy, and individuals with CNS polypharmacy had significantly higher odds of SRB (AOR 3.94; 99 % CI 3.58-4.33) than IAVs without CNS polypharmacy.
Discussion
Polypharmacy and CNS polypharmacy specifically has been examined in older individuals and has been identified as a risk factor for adverse drug events [26, 27] . This has not been examined broadly in younger adults, possibly because they generally receive fewer medications, have adequate hepatic metabolism and renal clearance, and are less sensitive to CNS-acting medications such as opioids, benzodiazepines, and antipsychotics [9, [28] [29] [30] [31] . Our findings of relatively high polypharmacy are surprising given the young age of this cohort. However, evaluation of the co-morbidity profiles suggest that multimorbidity may explain the high rates of polypharmacy in IAVs, who have been identified as a patient population with a high prevalence of TBI, PTSD, and pain (also known as the polytrauma clinical triad (PCT) [14, 32, 33] . Recent studies have found that depression and headaches are also highly prevalent and co-morbid with PTSD and TBI in IAVs [34] [35] [36] . Pharmacotherapy for these conditions and associated symptoms typically consists of CNSacting medications as recommended by the VA/DoD treatment guidelines [17] [18] [19] [20] . Since treatment guidelines are usually aimed at treating specific conditions, multimorbid patients are more likely to receive multiple CNSacting medications, each indicated by a separate guideline. Each medication is appropriate in isolation but in combination CNS drugs may increase the risk for adverse drug effects and events. Management of the chronic conditions examined in this study relies heavily on evidence-based therapies [37] ; however, multimorbidity may challenge the determination of a best practice approach. Additional research is needed to better understand how CNS polypharmacy may be the result of interplay between guidelines for co-morbid conditions and problems with coordination of care. Recent public attention has focused on improving treatment for IAVs with psychiatric, pain, and SUD, particularly related to reducing risk for substance abuse, medication burden, and drug overdose [38] . Bohnert et al. [39] found accidental overdose to be associated with both psychiatric and SUDs. SUDs, and specifically opioid use disorders, carry the highest risk of accidental overdose. Recent work by Finley et al. [15] demonstrated that Veterans with SUD or combinations of PCT conditions (especially co-morbid PTSD ? depression) were more likely to have diagnoses for SRB. However, to our knowledge, this is the first systematic study to examine the association of adverse outcomes among IAVs receiving multiple CNS-acting medications. Our work shows that even after controlling for all other diagnosed co-morbidities, CNS polypharmacy was independently associated with drug/alcohol overdose and SRB. This may be due to pharmacodynamic drug interactions, concomitant use of these medications with other substances such as alcohol, or merely an artifact of treating patients with multimorbidity. If the latter, the significant association may be an indicator of disease severity that can be used clinically to identify atrisk individuals and refer them to interdisciplinary specialty care.
Given the multimorbidity of this population, vigilance and organization of care is vital to avoid harmful drug interactions and to improve patient outcomes [29] . In a study examining poly-sedative prescribing among Veterans over 8 years, 78 % of the dual opioid-benzodiazepine prescriptions were written by separate providers [10] , suggesting that suboptimal coordination of care in conjunction with multiple guidelines for care may lead to suboptimal prescribing, including high severity drug interactions and possible unintentional drug overdose [39] .
The unprecedented rise of unintentional drug overdose in the US population [5] coupled with our findings related to CNS polypharmacy highlights the need for applicable evidence-based strategies that healthcare providers can use to effectively manage potential risks associated with CNS polypharmacy in Veterans and the general population. Our study uses five or more dispensed CNS medications in assessing risk of adverse events. It is possible that this, or potentially less rigorous criteria, could be used as a guideline for healthcare providers when evaluating patients with multiple CNS-acting medications. Further research is needed to determine if CNS polypharmacy could be used as an effective screening tool to identify patients whose treatment plan may need refinement in order to prevent overdose, SRB, and other adverse events and outcomes.
Our study has several limitations. First, our definition of CNS polypharmacy (five or more prescribed CNS medications) may be considered conservative compared to studies in elderly adults using two or more CNS drugs [16] , and Bernardy et al.'s [10] criteria of three or more sedative classes. However, given that nearly 9 % of the cohort met our CNS polypharmacy measure, we believe this is a clinically relevant threshold that may be used to identify individuals at risk of adverse outcomes. Our data did not examine the simultaneous use of medications, dosing, adherence, or whether medications were scheduled or used as needed. More detailed analysis including attention to concomitant drug use, specific co-prescribed medications, and dose is needed to determine if particular classes of medications are more closely associated with these adverse events.
In addition, ICD-9 codes were used to identify suicidal ideation and attempts, which results in a conservative assessment of SRB as data on completed suicides were not available. Information on severity of ideation or the lethality of any suicide attempt was not available. Our analysis also does not take into account severity of associated co-morbidities so we do not know how the severity of a condition affects CNS polypharmacy, overdose, or suicide-related behavior in our cohort. This may be relevant for some conditions such as TBI where studies with more clinically rich data indicate that TBI severity may play a role in suicide risk [9, 40] . Lastly, the study examined associations in cross-sectional data. An examination of the timing of each CNS medication and the adverse outcomes was too complex for this 'signal finding' study; therefore, causality and directionality of identified correlates cannot be determined. However, these findings indicate that a more complex assessment of CNS polypharmacy is needed; these studies would include: different definitions of CNS polypharmacy; determination of whether specific CNS medications are more important than others when considering this problem; and timing between CNS polypharmacy and outcomes.
Conclusions
The results of this study suggest that IAVs, a relatively young patient population characterized by frequent multimorbidity, are likely to experience CNS polypharmacy. Our analyses further suggest that CNS polypharmacy is independently associated with SRB and overdose, indicating that a more focused evaluation of CNS polypharmacy is needed. These data suggest that CNS polypharmacy may be used as a 'trigger-tool' [41] to identify individuals who may benefit from referral to a tailored interdisciplinary treatment team comprised of experts from the relevant fields (pharmacy, internal medicine, neurology, physical medicine and rehabilitation, rheumatology, psychiatry, and addiction medicine). These teams ideally would work together to optimize medication profiles and treatment plans, as well as examine available non-pharmacological treatment options in order to minimize potential adverse events.
